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ADAPTING VEHICLE SYSTEMS BASED ON
WEARABLE DEVICES

FIELD

The disclosure relates to an 1n-vehicle computing system
and associated vehicle controls based on input from various
mobile and wearable devices.

BACKGROUND

Vehicles may include an in-vehicle computing system,
such as a head unit for an infotainment system, which may
provide multimedia and control functions. For example, an
in-vehicle computing system may provide navigational,
multimedia playback, telecommunication, in-vehicle cli-
mate control, and/or other functions. The in-vehicle com-
puting system may also be commumcatively coupled to a
mobile device of a user. The in-vehicle computing system
may recerve user mput indicative of the user’s preferences to
control elements of the vehicle and in-vehicle computing
system, thereby improving the user’s in-vehicle experience.

Wearable devices have become increasingly popular.
Such devices have one or more wearable sensors that
generate signals regarding the user’s environment, user’s
activity level, physical state (e.g., heart rate), location,
cognitive load, etc. Often, user preferences that reflect
desirable changes to the user’s i-vehicle environment may
be gleaned based on their interaction with their wearable
device and/or mobile device.

SUMMARY

Embodiments are disclosed for in-vehicle computing sys-
tems and methods of controlling vehicle systems based on
input from a wearable device. In example embodiments,
input 1s recerved at an m-vehicle computing system from a
wearable device of a user, and one or more vehicle settings
are automatically adjusted based on the received mput. The
wearable device may be communicatively coupled to the
in-vehicle computing system such that the input 1s directly
received from the wearable device. Alternatively, the wear-
able device may be communicatively coupled to a mobile
device, the mobile device communicatively coupled to the
in-vehicle computing system, such that mput from the
wearable device 1s recerved indirectly via the mobile device.

In other example embodiments, an in-vehicle nfotain-
ment system may comprise a processor, an external device
interface communicatively coupled to a mobile device, and
a storage device. The storage device may store instructions
executable by the processor to receive aggregated input
regarding a physical condition and an environment of a user
from the mobile device, the mput regarding the physical
condition of the user collected by a wearable device com-
municatively coupled to the mobile device. The storage
device may store further instructions executable by the
processor to automatically select settings for one or more
components of the in-vehicle infotainment system based on
the aggregated input, and transmit control 1nstructions to the
one or more components of the in-vehicle mnfotainment
system based on the automatically selected settings.

In still other example embodiments, an in-vehicle system
may include an audio system, a climate control system, and
an 1n-vehicle computing system communicatively coupled
to each of the audio system and the climate control system.
The 1n-vehicle computing system may be configured with
istructions to receive a first iput from a wearable device
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2

worn by a vehicle operator and receive a second input from
a mobile device of the vehicle operator. The first mput
received from the wearable device may be indicative of a
physical parameter of the vehicle operator, for example. The
second 1nput received from the mobile device may be
indicative of an environmental parameter of the vehicle
operator, for example. The computing system may be further
configured to automatically adjust settings of each of the
climate control system and the audio system based on the
first and second input. For example, cabin temperature
settings may be automatically adjusted based on a pulse rate
of the user while audio system sound levels are automati-
cally adjusted based on an ambient noise level.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure may be better understood from reading the
following description of non-limiting embodiments, with
reference to the attached drawings, wherein below:

FIG. 1 1s a partial view of a vehicle cabin including an
in-vehicle computing system communicatively coupled to a
mobile device and a wearable device, 1n accordance with
one or more embodiments of the present disclosure;

FIG. 2 1s a view of an in-vehicle computing system
receiving input from one or more wearable devices and
mobile devices of a user, 1n accordance with one or more
embodiments of the present disclosure;

FIG. 3 shows a block diagram of an 1in-vehicle computing
system 1n accordance with one or more embodiments of the
present disclosure;

FIG. 4 1s a flow chart of a method of automatically
controlling one or more vehicle systems based on 1nput
received from a wearable device, 1n accordance with one or
more embodiments of the present disclosure;

FIG. 5 1s a flow chart of a method of automatically
controlling settings of a climate control system and an audio
system based on mput from a wearable device regarding a
physical condition of a user, in accordance with one or more
embodiments of the present disclosure;

FIG. 6 1s a flow chart of a method of automatically
controlling settings of an audio system based on iput from
a mobile device regarding a user’s environment, 1n accor-
dance with one or more embodiments of the present disclo-
SUre;

FIG. 7 1s a flow chart of a method of aggregating user
information collected by a wearable device and a mobile
device, and transmitting the aggregated information to an
in-vehicle computing system for controlling various vehicle
system settings, 1 accordance with one or more embodi-
ments of the present disclosure.

FIG. 8 1s a flow chart of a method of receiving user input
and performing in-vehicle control actions based on a tracked
communication log of a mobile device, 1n accordance with
one or more embodiments of the present disclosure.

DETAILED DESCRIPTION

In-vehicle computing systems have enabled vehicles to
become an extension ol a network of smart devices operated
by a user. The smart devices are configured to collect
information and then collaborate that information with other
interconnected devices. The various smart devices may
include sensors and components that provide information
regarding various aspects of a user. For example, a wearable
device worn by a user may include various sensors for
providing data regarding physical aspects of the user (such
the user’s pulse rate) while the user’s mobile device may
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provide data regarding environmental aspects of the user
(such as ambient conditions 1n the user’s environment). In
addition, interactions of the user with the wearable device
and the mobile device may provide information regarding
cognitive aspects of the user (such as a cognitive load or
stress level of the user). Using the data collected by such
devices, an in-vehicle computing system may select vehicle
settings (e.g., climate control setting, audio system settings,
etc.) that would improve the vehicle ambience. In other
words, the sensors of the various devices can be leveraged
to adapt vehicle settings before a user enters the vehicle (or
while the user 1s i1n the vehicle) to improve the user’s

in-vehicle experience.

FIG. 1 shows an example partial view of an interior of a
cabin 100 of a vehicle 102, 1n which a driver and/or one or
more passengers may be seated. Vehicle 102 of FIG. 1 may
be a motor vehicle including drive wheels (not shown) and
an internal combustion engine 104. Internal combustion
engine 104 may include one or more combustion chambers
which may receive intake air via an intake passage and
exhaust combustion gases via an exhaust passage. Vehicle
102 may be a road automobile, among other types of
vehicles. In some examples, vehicle 102 may include a
hybrid propulsion system including an energy conversion
device operable to absorb energy from vehicle motion
and/or the engine and convert the absorbed energy to an
energy form suitable for storage by an energy storage device.
Vehicle 102 may include a fully electric vehicle, incorpo-
rating fuel cells, solar energy capturing elements, and/or
other energy storage systems for powering the vehicle.

As shown, an mstrument panel 106 may include various
displays and controls accessible to a driver (also referred to
as the user) of vehicle 102. For example, mstrument panel
106 may include a touch screen 108 of an in-vehicle
computing system 109 (e.g., an infotamnment system), an
audio system control panel, and an mstrument cluster 110.
While the example system shown in FIG. 1 includes audio
system controls that may be performed via a user interface
ol i-vehicle computing system 109, such as touch screen
108 without a separate audio system control panel, 1n other
embodiments, the vehicle may include an audio system
control panel, which may include controls for a conventional
vehicle audio system such as a radio, compact disc player,
MP3 player, etc. The audio system controls may include
features for controlling one or more aspects of audio output
via speakers 112 of a vehicle speaker system. For example,
the in-vehicle computing system or the audio system con-
trols may control a volume of audio output, a distribution of
sound among the individual speakers of the vehicle speaker
system, an equalization of audio signals, and/or any other
aspect of the audio output. In further examples, in-vehicle
computing system 109 may adjust a radio station selection,
a playlist selection, a source of audio input (e.g., from radio
or CD or MP3), etc., based on user input received directly
via touch screen 108, or based on data regarding the user
(such as a physical state and/or environment of the user)
recelved via external devices, such as mobile device 128 and
wearable device 150.

In some embodiments, one or more hardware elements of
in-vehicle computing system 109, such as touch screen 108,
a display screen, various control dials, knobs and buttons,
memory, processor(s), and any interface eclements (e.g.,
connectors or ports) may form an integrated head unit that
1s 1nstalled in instrument panel 106 of the vehicle. The head
unit may be fixedly or removably attached in instrument

panel 106.
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Instrument cluster 110 may include various gauges such
as a fuel gauge, tachometer, speedometer, and odometer, as
well as indicators and warning lights. A steering wheel 114
may project from the instrument panel below instrument
cluster 110. Optionally, steering wheel 114 may include
controls 116 which may be used in conjunction with touch
screen 108 to navigate features of an 1n-vehicle computing
system and to control the mn-vehicle computing system. In
addition to the components depicted in FIG. 1, it will be
appreciated that nstrument panel 106 may include addi-
tional components such as door and window controls, a
cigarette lighter which may also be used as a low-voltage
power outlet, a glove compartment, and/or any other suitable
elements. In one or more embodiments, control of in-vehicle
climate (such as cabin temperature) via climate control
system vents 118 may be performed using touch screen 108
and thus no separate climate control interface may be
included 1n instrument panel 106. In alternative embodi-
ments, however, a separate climate control interface may be
provided.

The cabin 100 may include one or more sensors for
monitoring the vehicle, the user, and/or the environment. For
example, the cabin 100 may include one or more seat-
mounted pressure sensors 120 configured to measure the
pressure applied to the seat to determine the presence of a
user. The cabin 100 may include one or more door sensors
122 configured to monitor door activity, such as the opening,
and/or closing of the door, the locking of the door, the
operation of a window of the door, and/or any other suitable
door activity event. A humidity sensor 124 may be included
to measure the humidity content of the cabin. A microphone
126 may be included to receive user mput in the form of
volice commands, to enable a user to conduct telephone calls,
and/or to measure ambient noise 1n the cabin 100. It 1s to be
understood that the placement of the sensors 1llustrated in
FIG. 1 1s exemplary, and one or more additional or alterna-
tive sensors may be positioned 1n any suitable location of the
vehicle. For example, additional sensors may be positioned
in an engine compartment, on an external surface of the
vehicle, and/or i other suitable locations for providing
information regarding the operation of the vehicle, ambient
conditions of the vehicle, a user of the vehicle, etc. As also
claborated with reference to FIGS. 2-3, information regard-
ing ambient conditions of the vehicle, or vehicle driver may
also be received from sensors external to the vehicle (that is,
not part of the vehicle system), such as from sensors coupled
to wearable device 150 or mobile device 128.

Cabin 100 may also include one or more user objects,
such as mobile device 128, that are stored in the vehicle
betore, during, and/or after travelling. The mobile device
may include a smart phone, a tablet, a laptop computer, a
portable media player, and/or any suitable mobile computing
device. The mobile device 128 may be connected to the
in-vehicle computing system via communication link 130.

The communication link 130 may be wired (e.g., via Uni-
versal Serial Bus [USB], Mobile High-Definition Link

IMHL], High-Definition Multimedia Interface [HDMI],
etc.) or wireless (e.g., via BLUETOOTH, WI-FI, Near-Field
Communication [NFC], etc.) and configured to provide
two-way communication between the mobile device and the
in-vehicle computing system. For example, the communi-
cation link 130 may provide sensor and/or control signals
from various vehicle systems (such as vehicle audio system,
climate control system, etc.) and the touch screen 108 to the
mobile device 128 and may provide control and/or display
signals from the mobile device 128 to the in-vehicle systems
and the touch screen 108. The communication link 130 may
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also provide power to the mobile device 128 from an
in-vehicle power source 1n order to charge an internal battery
ol the mobile device.

While the mobile device 128 1s illustrated as being
spatially separated from the in-vehicle computing system
and connected via a substantially external communication
link (e.g., a cable or radiofrequency signal), 1t 1s to be
understood that a slot 132 or other storage structure may be
formed in the instrument panel 106 or other location 1n the
vehicle to hold the mobile device 1n a particular location.
The storage structure may include an integrated connector
134 to which the mobile device 128 may be attached or
“docked” for providing a substantially internal communica-
tion link between the mobile device and the computing
system.

In-vehicle computing system 109 may also be communi-
catively coupled to additional devices operated by the user
but located external to vehicle 102, such as one or more
wearable devices 150. In the depicted embodiment, wear-
able device 150 1s located outside of vehicle 102 though 1t
will be appreciated that 1n alternate embodiments, wearable
device may be located inside cabin 100. As elaborated at
FIG. 2, the wearable device may include a portable elec-
tronic device, electronic wrist band, electronic head band,
portable music player, electronic activity tracking device,
pedometer, smart-watch, GPS system, etc. Wearable device
150 may be connected to the 1n-vehicle computing system
via communication link 136 which may be wired or wire-
less, as discussed with reference to communication link 130,
and configured to provide two-way communication between
the wearable device and the in-vehicle computing system.
For example, wearable device 150 may include one or more
sensors and communication link 136 may transmit sensor
output from wearable device 150 to in-vehicle computing
system 109 and touch screen 108. Input received from
wearable device 150 may be indicative of various aspects of
the user’s physical condition, surroundings, etc. In-vehicle
computing system 109 may analyze the input received from
wearable device 150, such as while the user 1s outside the
vehicle, and assess the user’s state (e.g., condition, potential
preferences, etc.) and select settings for various in-vehicle
systems (such as climate control system or audio system)
based on the assessment.

In some embodiments, wearable device 150 may be
communicatively coupled to in-vehicle computing system
109 indirectly, via mobile device 128. For example, com-
munication link 136 may communicatively couple wearable
device 150 to mobile device 128 such that sensor output
from wearable device 150 i1s relayed to mobile device 128.
Data received from wearable device 150 may then be
agoregated at mobile device 128 with data collected by
mobile device 128, the aggregated data then transmitted to
in-vehicle computing system 109 and touch screen 108 via
communication link 130.

FIG. 2 shows an example embodiment 200 of data regard-
ing various aspects of a user (also referred to as “user data™)
captured by one or more mobile devices and wearable
devices of a user and relay of the captured data to an
in-vehicle computing system. In the depicted example, user
data 1s captured while user 202 1s outside of and away from
vehicle 102, and then relayed to m-vehicle computing sys-
tem 109. However, 1t will be appreciated that in alternate
examples, user data may be collected and transmitted while
the user 1s 1n vehicle 102.

User data 1s captured based on interactions of user 202
with mobile device 204 and wearable devices 206, 208, and
210. The user data 1s then relayed to in-vehicle computing
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system 109 via a communication link or network, such as
communication link 130 and/or 136 of FIG. 1. The nput
received from mobile device 204 may then be processed at
in-vehicle computing system 109 so as to assess and infer a
user condition. Mobile device 204 may include a smart
phone, a tablet, a laptop computer, a portable media player,
and/or any suitable mobile computing device, such as
mobile device 128 of FIG. 1. User data captured by mobile
device 204 may include, as a non-limiting example, infor-
mation indicative of a cognitive load of the user. For
example, the cognitive load may be inferred by the 1in-
vehicle computing system based on input regarding appli-
cations operated by the user on the mobile device, such as
gaming applications or music applications, playlists listened
to by the user on the mobile device, a genre of music
selected 1n the playlist, a radio station selection, etc. Further
still, the user’s cognitive load may be inferred based on a
frequency of calls recetved and answered on the mobile
device, a duration of the calls, etc. For example, when 1nput
from the mobile device indicates that the user has frequently
answered phone calls, most of which have been of a sig-
nificantly large duration, it may be inferred that the user’s
stress level 1s likely to be elevated.

User data collected by mobile device 204 may further
include information regarding an environment of the user.
For example, 11 the user 1s outside the vehicle, mobile device
204 may collect data regarding a geographical location of
the user, duration of time spent at the geographical location,
ambient conditions such as ambient humidity, ambient tem-
perature, altitude, weather conditions (current and
expected), etc. The mformation about the user’s environ-
ment may be collected by one or more sensors coupled to the
mobile device or may be collected by the mobile device by
communicating with local GPS systems via a network (e.g.,
via wireless communication with a local cellular phone
tower). As such, the same and/or similar types of informa-
tion may also be gathered by mobile device 204 while user
202 1s mside vehicle 102.

User data gathered by mobile device 204 may be com-
municated to in-vehicle computing system 109 via commu-
nication link 220 which may be wired or wireless commu-
nication. For example, in-vehicle computing system 109
may directly receive input indicative of an environment of
the user from mobile device 204 over the communication
link. Input from the mobile device may be received at the
in-vehicle computing system continuously, or intermittently,
such as at predefined durations (e.g., every half hour, every
hour, etc.). The predefined durations may be selected by the
user, or may be default settings. Alternatively, input from the
mobile device may be received at the in-vehicle computing
system 1n response to predefined user events, such as every
time the user changes a playlist on the mobile device, every
time the user moves beyond a threshold distance of vehicle
102, every time the user 1nitiates a specific application (e.g.,
a gaming application) on the mobile device, etc.

Further still, 1n some embodiments, in-vehicle computing,
system 109 may selectively request specified user input
(such as input indicative of specific environmental aspects of
the user) from mobile device 204 via commumcation link
220. In response to the request, one or more sensors,
components, or applications of mobile device 204 may be
operated or activated to collect the requested user data, the
collected data then relayed back to in-vehicle computing
system 109 via communication link 220. In one example,
in-vehicle computing system 109 may transmit control
instructions to mobile device 204 to sample an ambient
noise level and/or an ambient noise genre 1n the environment
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of the user (also referred to as “sound sampling”). In
response to the request for sound sampling, a microphone
and/or recorder of the mobile device may be operated for a
defined duration to record the ambient noise. In-vehicle
computing system 109 may receive the recorded data from
mobile device 204 and process the signals to identify an
ambient noise level (e.g., 1s the user 1n a noisy location or a
quiet location), noise source (e.g., 1s the noise due to
vehicles, construction work, a concert, etc.), ambient music
genre (e.g., 1s the user 1 an environment where classical
music 1s bemng played or reggae music 1s being played,
which band’s music 1s being played), etc.

Wearable devices 206-210 may include devices wormn by
user 202. Example wearable devices may include an elec-
tronic activity tracking device configured as a wristband (as
at 206), configured as a headband (as at 210) or any other
appropriate format. Other example wearable devices
includes a portable electronic device, portable music player,
pedometer 208 (such as a pedometer coupled to the user’s
shoe, as shown), smart-watch, GPS system, etc. In the
depicted example, user 202 1s shown wearing wearable
devices 206-210 while performing fitness or athletic activi-
ties such that user data regarding the physical condition
and/or physical activity level of user 202 can be gathered by
wearable devices 206-210. The one or more wearable sen-
sors 212 may include, for example, a heart rate sensor, a
pulse rate sensor, a blood pressure sensor, a blood sugar
sensor, body temperature sensor, a perspiration sensor,
accelerometer, gyroscope, etc. These sensors may collect
data regarding various physical parameters or aspects of the
user. In further embodiments, wearable devices 206-210
may also be configured to collect data regarding the user’s
environment. Sensor signals may then be transmitted by the
respective wearable device to in-vehicle computing system
109. As such, user data may be gathered by wearable devices
206-210 as long as the device 1s worn by the user, 1rrespec-
tive of whether the user 1s 1nside or outside of vehicle 102.

User data gathered by wearable devices 206-210 may also
be communicated to in-vehicle computing system 109 via
communication link 220. For example, in-vehicle comput-
ing system 109 may directly receive input idicative of a
physical activity level, a physical condition, and/or an
environment of the user from wearable devices 206-210
over the communication link. Alternatively, the input may be
received 1ndirectly via the mobile device. For example, user
data gathered by wearable devices 206-210 may first be
transmitted to mobile device 204 (e.g., via communication
link 220) where the data 1s aggregated and then relayed on
to i-vehicle computing system 109 (via the same commu-
nication link 220). In such an embodiment, the mobile
device may act as a “base unit” for all the sensors.

Input from the wearable devices may be received at the
in-vehicle computing system continuously, or intermittently,
such as at predefined durations selected by the user, or
default duration settings. Alternatively, input from the wear-
able devices may be received at the in-vehicle computing
system 1n response to predefined user events, such as every
time the user operates the wearable device, changes a setting
of the wearable device, mitiates a specific application on the
wearable device, etc.

Further still, 1n some embodiments, in-vehicle computing
system 109 may specifically request input indicative of the
physical condition or activity level from any one of wearable
devices 206-210 via communication link 220. In response to
the request, one or more sensors or components of wearable
devices 206-210 may be operated or activated to collect the
requested user data, the collected data then relayed back to
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in-vehicle computing system 109 via communication link
220. In one example, in-vehicle computing system 109 may
transmit control instructions to the wearable device to
sample a pulse rate and basal body temperature of the user.
In response to the request, a pulse rate sensor and a tem-
perature sensor ol the wearable device may be operated for
a defined duration. In-vehicle computing system 109 may
receive the recorded data and process the signals to deter-
mine the activity level of the user (e.g., 1s the user runming
or walking, i1s the user feeling hot or cold, etc.).

As elaborated with reference to FIGS. 4-6, the in-vehicle
control system may be configured to adjust one or more
vehicle settings based on the input received from the mobile
device and/or the wearable device. These may include
settings for one or more vehicle systems such as a vehicle
climate control system (e.g., air conditioner or heater set-
tings ), in-vehicle audio system (e.g., volume level and audio
source settings), driver seat (e.g., recline angle of driver
seat), etc. The settings may be automatically adjusted with-
out requiring specific mput from the vehicle operator, such
as by selecting settings before the user returns inside the
vehicle. That 1s, in-vehicle computing system 109 may infer
settings that the user i1s likely to choose, or would prefer,
based on an assessment of the input received from the
wearable device and/or mobile device of the user, the target
vehicle systems then controlled to provide those settings.
Optionally, prompts may also be provided to the user via a
user interface of the 1n-vehicle computing system to suggest
or confirm settings that the user 1s likely to prefer based on
the assessment of the mput received from the wearable
device and/or mobile device. In other words, the operator’s
preferences may be gleaned from the user’s interaction with
the mobile and wearable device and vehicle settings adjusted
accordingly.

For example, 1in response to mput from the devices
indicating that the user 1s engaged 1n an elevated physical
activity level (e.g., based on sensor signals indicating the
user pulse rate 1s elevated and the user 1s perspiring), the
in-vehicle control system may adjust the climate control
system to increase cabin cooling so that cooled cabin air 1s
provided to the user upon entering the vehicle. Additionally,
a playlist may be automatically selected, such as the playlist
the user was already listening to during the physical activity,
and played on the vehicle’s audio system.

FIG. 3 shows a block diagram of an 1in-vehicle computing
system 300 configured and/or integrated 1nside vehicle 301.
In-vehicle computing system 300 may be an example of
in-vehicle computing system 109 of FIGS. 1 and 2 1n some
embodiments. In one example, the in-vehicle computing
system 1s a vehicle infotainment system configured to pro-
vide information-based media content (audio and/or visual
media content, including entertainment content) to a vehicle
user to enhance the operator’s in-vehicle experience. The
vehicle mmfotainment system may include, or be coupled to,
vartous vehicle systems, sub-systems, hardware compo-
nents, as well as software applications and systems that are
integrated in, or integratable into, vehicle 301 1n order to
enhance a driver and/or passenger’s in-vehicle experience.

In-vehicle computing system 300 may include one or
more processors including an operating system processor
314 and an interface processor 320. Operating system pro-
cessor 314 may execute an operating system on the 1in-
vehicle computing system, and control input/output, display,
playback, and other operations of the in-vehicle computing
system. Interface processor 320 may interface with a vehicle
control system 330 via an 1nter-vehicle system communica-
tion module 322.
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Inter-vehicle system communication module 322 may
output data to other vehicle systems 331 and vehicle control
clements 361, while also receiving data mput from other
vehicle components and systems 331, 361, e.g. by way of
vehicle control system 330. When outputting data, inter-
vehicle system communication module 322 may provide a
signal via a bus corresponding to any status of the vehicle,
the vehicle surroundings, or the output of any other infor-
mation source connected to the vehicle. Vehicle data outputs
may 1include, for example, analog signals (such as current
velocity), digital signals provided by individual information
sources (such as clocks, thermometers, location sensors such
as Global Positioning System [GPS] sensors, etc.), digital
signals propagated through vehicle data networks (such as
an engine controller area network [CAN] bus through which
engine related information may be communicated, a climate
control CAN bus through which climate control related
information may be communicated, and a multimedia data
network through which multimedia data 1s communicated
between multimedia components 1 the vehicle). For
example, the in-vehicle computing system may retrieve
from the engine CAN bus the current speed of the vehicle
estimated by the wheel sensors, a power state of the vehicle
via a battery and/or power distribution system of the vehicle,
an 1gmtion state of the vehicle, etc. In addition, other
interfacing means such as Ethernet may be used as well
without departing from the scope of this disclosure.

A non-volatile storage device 308 may be included 1n
in-vehicle computing system 300 to store data such as
instructions executable by processors 314 and 320 1n non-
volatile form. The storage device 308 may store application
data to enable the in-vehicle computing system 300 to run an
application for connecting to and/or pairing with a mobile
device and/or a wearable device. The application may then
retrieve user information gathered by the mobile device and
the wearable device. In-vehicle computing system 300 may
turther include a volatile memory 316. Volatile memory 316
may be random access memory (RAM). Non-transitory
storage devices, such as non-volatile storage device 308
and/or volatile memory 316, may store instructions and/or
code that, when executed by a processor (e.g., operating
system processor 314 and/or interface processor 320), con-
trols the in-vehicle computing system 300 to perform one or
more of the actions described 1n the disclosure.

A microphone 302 may be included in the in-vehicle
computing system 300 to receive voice commands from a
user and/or to measure ambient noise 1n the vehicle, and a
speech processing unit 304 may process the received voice
commands. In some embodiments, m-vehicle computing
system 300 may also be able to receive voice commands and
sample ambient vehicle noise using a microphone included
in an audio system 332 of the vehicle.

One or more additional sensors may be included 1n a
sensor subsystem 310 of the in-vehicle computing system
300. For example, the sensor subsystem 310 may include a
camera, such as a rear view camera for assisting a user in
parking the vehicle. Sensor subsystem 310 of in-vehicle
computing system 300 may communicate with and receive
inputs from various vehicle sensors and may further receive
user inputs. For example, the iputs received by sensor
subsystem 310 may include transmission gear position,
transmission clutch position, gas pedal mput, brake input,
transmission selector position, vehicle speed, engine speed,
mass airflow through the engine, ambient temperature,
intake air temperature, etc., as well as inputs from climate
control system sensors (such as heat transfer fluid tempera-
ture, antifreeze temperature, fan speed, passenger compart-
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ment temperature, desired passenger compartment tempera-
ture, ambient humidity, etc.), an audio sensor detecting voice
commands 1ssued by a user, a fob sensor receiving coms-
mands from and optionally tracking the geographic location/
proximity of a fob of the vehicle, etc. While certain vehicle
system sensors may communicate with sensor subsystem
310 alone, other sensors may communicate with both sensor
subsystem 310 and vehicle control system 330, or may
communicate with sensor subsystem 310 indirectly wvia
vehicle control system 330.

External device interface 312 of in-vehicle computing
system 300 may communicate with one or more external
devices 340 located external to vehicle 301. While the
external devices are 1llustrated as being located external to
vehicle 301, it 1s to be understood that they may be tempo-
rarily housed in vehicle 301, such as when the user 1s
operating the external devices while operating vehicle 301.
In other words, the external devices 340 are not integral to
vehicle 301. The external devices 340 may include a mobile
device 342 (e.g., connected via a Bluetooth connection) or
an alternate Bluetooth-enabled device 352. Mobile device
342 may be a mobile phone, smart phone, or other portable
clectronic device. Other external devices include a wearable
device 346 having one or more wearable sensors 3350, such
as wearable devices 206-210 of FIG. 2. Still other external
devices include external storage devices 354, such as solid-
state drives, pen drives, USB drives, etc. External devices
340 may communicate with in-vehicle computing system
300 either wirelessly or via connectors without departing
from the scope of this disclosure. For example, external
devices 340 may commumnicate with in-vehicle computing
system 300 through the external device interface 312 over
network 360, a universal serial bus (USB) connection, a
direct wired connection, a direct wireless connection, and/or
other communication link.

One or more applications 344 may be operable on mobile
device 342. As an example, mobile device application 344
may be operated to aggregate user data regarding interac-
tions of the user with the mobile device. For example,
mobile device application 344 may aggregate data regarding
music playlists listened to by the user on the mobile device,
telephone call logs (including a frequency and duration of
telephone calls accepted by the user), positional information
including locations frequented by the user and an amount of
time spent at each location, etc. The collected data may be
transierred by application 344 to external device interface
312 over network 360. In addition, specific user data
requests may be received at mobile device 342 from in-
vehicle computing system 300 via the external device inter-
tace 312. The specific data requests may include requests for
determining where the user 1s geographically located, an
ambient noise level and/or music genre at the user’s loca-
tion, an ambient weather condition (temperature, humidity,
etc.) at the user’s location, etc. Mobile device application
344 may send control instructions to components (e.g.,
microphone, etc.) or other applications (e.g., navigational
applications) of mobile device 342 to enable the requested
data to be collected on the mobile device. Mobile device
application 344 may then relay the collected information
back to im-vehicle computing system 300.

Likewise, one or more applications 348 may be operable
on wearable device 346. As an example, wearable device
application 348 may be operated to aggregate user data
regarding interactions of a user with the wearable device.
For example, wearable device application 348 may aggre-
gate data regarding a distance walked or run by the user, the
user’s heart rate, pulse rate, perspiration level, basal body
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temperature, etc. The collected data may be transierred by
wearable device application 348 to external device interface
312 over network 360. Alternatively, the collected data may
be transierred by wearable device application 348 to mobile
device 342, and mobile device application 348 may aggre-
gate data collected by each of the mobile device and the
wearable device and transmit the aggregated data to in-
vehicle computing system 300 over network 360. An
example method of data aggregation by an application of the
mobile device and transmission of aggregated data to an
in-vehicle computing system 1s discussed with reference to

FIG. 7.

Vehicle control system 330 may include controls for
controlling aspects of various vehicle systems 331 mnvolved
in different in-vehicle functions. These may include, for
example, controlling aspects of vehicle audio system 332 for
providing audio entertainment to the vehicle occupants,
aspects ol climate control system 334 for meeting the cabin
cooling or heating needs of the vehicle occupants, as well as
aspects of telecommunication system 336 for enabling
vehicle occupants to establish telecommunication linkage
with others.

Audio system 332 may include one or more acoustic
reproduction devices including electromagnetic transducers
such as speakers. Vehicle audio system 332 may be passive
or active such as by including a power amplifier. In some
examples, in-vehicle computing system 300 may be the only
audio source for the acoustic reproduction device or there
may be other audio sources that are connected to the audio
reproduction system (e.g., external devices such as a mobile
phone). The connection of any such external devices to the
audio reproduction device may be analog, digital, or any
combination of analog and digital technologies.

Climate control system 334 may be configured to provide
a comiortable environment within the cabin or passenger
compartment of vehicle 301. Climate control system 334
includes components enabling controlled ventilation such as
air vents, a heater, an air conditioner, an integrated heater
and air-conditioner system, etc. Other components linked to
the heating and air-conditioming setup may include a wind-
shield defrosting and defogging system capable of clearing
the windshield and a ventilation-air filter for cleaning out-
side air that enters the passenger compartment through a
fresh-air 1inlet.

Vehicle control system 330 may also include controls for
adjusting the settings of various vehicle controls 362 (or
vehicle system control elements) related to the engine and/or
auxiliary elements within a cabin of the vehicle, such as
steering wheel controls 362 (e.g., steering wheel-mounted
audio system controls, cruise controls, windshield wiper
controls, headlight controls, turn signal controls, etc.),
instrument panel controls, microphone(s), accelerator/brake/
clutch pedals, a gear shiit, door/window controls positioned
in a driver or passenger door, seat controls, cabin light
controls, audio system controls, cabin temperature controls,
etc. The control signals may also control audio output at one
or more speakers of the vehicle’s audio system 332. For
example, the control signals may adjust audio output char-
acteristics such as volume, equalization, audio 1image (e.g.,
the configuration of the audio signals to produce audio
output that appears to a user to originate from one or more
defined locations), audio distribution among a plurality of
speakers, etc. Likewise, the control signals may control
vents, air conditioner, and/or heater of climate control sys-
tem 334. For example, the control signals may increase
delivery of cooled air to a specific section of the cabin.
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Control elements positioned on an outside of a vehicle
(e.g., controls for a security system) may also be connected
to computing system 300, such as via communication mod-
ule 322. The control elements of the vehicle control system
may be physically and permanently positioned on and/or in
the vehicle for receiving user input.

In addition to receiving control instructions from in-
vehicle computing system 300, vehicle control system 330
may also receive mput from one or more external devices
340 operated by the user, such as from wearable device 346
and mobile device 342. This allows aspects of vehicle
systems 331 and vehicle controls 361 to be controlled based
on user mput received from the external devices 340.

In-vehicle computing system 300 may further include an
antenna 306. Antenna 306 1s shown as a single antenna, but
may comprise one or more antennas i some embodiments.
The in-vehicle computing system may obtain broadband
wireless internet access via antenna 306, and may further
receive broadcast signals such as radio, television, weather,
traflic, and the like. The in-vehicle computing system may
receive positioning signals such as GPS signals via one or
more antennas 306. The in-vehicle computing system may
also receive wireless commands via RF such as wvia
antenna(s) 306 or via infrared or other means through
appropriate recerving devices. In some embodiments,
antenna 306 may be included as part of audio system 332 or
telecommunication system 336. Additionally, antenna 306
may provide AM/FM radio signals to external devices 340
(such as to mobile device 342) via external device interface
312.

One or more elements of the in-vehicle computing system
300 may be controlled by a user via user interface 318. User
interface 318 may include a graphical user interface pre-
sented on a touch screen, such as touch screen 108 of FIG.
1, and/or user-actuated buttons, switches, knobs, dials, slid-
ers, etc. For example, user-actuated elements may include
steering wheel controls, door and/or window controls,
instrument panel controls, audio system settings, climate
control system settings, and the like. A user may also interact
with one or more applications of the m-vehicle computing
system 300 and mobile device 342 via user interface 318. In
addition to receiving a user’s vehicle setting preferences on
user interface 318, vehicle settings selected by in-vehicle
control system may be displayed to a user on user interface
318. As elaborated at FIG. 4, based on input from one or
more external devices, such as from mobile device 342 and
wearable device 346, in-vehicle computing system 300 may
infer a user state (e.g., physical state, cognitive state, etc.)
and automatically determine vehicle settings based on the
user state, the settings selected to improve the in-vehicle
ambience and drive feel for the user. The determined settings
may be displayed to the user on a display of the user
interface. Additionally, confirmation regarding the selected
settings may be sought from the user via the user interface.

FIG. 4 1s a flow chart of a method 400 of operating an
in-vehicle computing system to control one or more vehicle
systems based on user mput received from a mobile device
and/or a wearable device. For example, method 400 may be
performed by in-vehicle computing system 300 of FIG. 3
based on mput from wearable devices 206-210 and mobile
device 204 of FIG. 2.

Method 400 includes, at 402, receiving mput from a
wearable device. Specifically, mput may be received at the
in-vehicle computing system from one or more wearable
devices. The wearable devices may be worn by a user and
may include one or more wearable sensors such as a heart
rate sensor, a temperature sensor, a perspiration level sensor,
a pedometer, etc. Receiving input from the wearable device
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includes receiving sensor signals from the various wearable
sensors of the wearable device based on interaction of the
user with the wearable device. In one example, at 403, where
the wearable device 1s communicatively coupled to the
in-vehicle computing system via a communication link or 5
network, receiving input from the wearable device includes
directly recerving input from the wearable device. In another
example, at 404, where the wearable device 1s communica-
tively coupled to a mobile device (e.g., via a communication
link or network) and the mobile device, in turn, 1s commu- 10
nicatively to the in-vehicle computing system via a com-
munication link or network, receiving mput from the wear-
able device includes mdirectly receiving input from the
wearable device via the mobile device.

At 406, the method includes processing the sensor signals 15
at the in-vehicle computing system to infer a user state. The
mput recerved from the wearable device may be indicative
of various aspects of the user’s state including, but not
limited to, a physical condition 407 of the user, a cognitive
load 408 of the user, a physical activity level of the user, a 20
media preference 409 of the user, and the user’s environment
410. Input regarding the physical condition of the user may
include, for example, mput regarding a heart rate or pulse
rate of the user ({from a heart rate or pulse rate sensor of the
wearable device), a sweat level of the user (from a perspi- 25
ration level sensor), a body temperature ({from a temperature
sensor), etc. A physical activity level of the user may include
input as to whether the user 1s running, jogging, walking, or
sprinting (such as from a pedometer). Input regarding the
user cognitive load may include input indicative of a stress 30
level of the user (e.g., based on a combination of outputs
from a heart rate sensor, a blood pressure sensor, a blood
sugar sensor, etc.). Input regarding the user environment
may include input regarding the user’s geographic location,
the current and expected weather at the location, ambient 35
temperature and humidity conditions, ambient noise level,
etc.

At 412, the method includes, automatically determining
one or more vehicle aspects or vehicle settings based on the
inferred user state before receiving input from the user. That 40
1s, the vehicle settings are automatically selected before a
user provides mput, such as by pushing a button or dial of
the vehicle’s instrument panel, or by interacting with a touch
screen of the vehicle. Likewise, vehicle settings are auto-
matically selected before receiving input from the user via 45
the wearable device or mobile device, such as by the user
giving a voice command on the device. Specifically, one or
more vehicle settings may be automatically selected based
on the mput received from the wearable device without
receiving iput regarding the settings from the user. The 50
vehicle settings adjusted may include, for example, a climate
control system setting (such as to adjust a cabin temperature
at 413), an audio system setting (such as to adjust an audio
output volume, a radio channel selection, or a music genre
of the audio output at 415), an external device interface 55
setting (such as to adjust settings for incoming or outgoing
phone calls routed from a mobile device of the user to a user
interface of the vehicle), seat settings (e.g., angle of recline
for user’s seat), efc.

At 418, the method includes automatically transmitting 60
control instructions from the 1n-vehicle computing system to
one or more vehicle systems to apply the selected settings to
the target vehicle systems. For example, 11 the input from the
wearable device 1s indicative of a high physical activity level
of the user, the m-vehicle computing system may infer that 65
the user 1s likely to desire air-conditioning. Thus, without
requiring 1put from the user, the in-vehicle computing
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system may automatically adjust the cabin climate control
settings to increase cabin cooling, or increase tlow of cooled
air to the user’s section of the cabin. Accordingly, settings
for the air vents, and an air conditioner may be determined
and transmitted to the climate control system.

In this way, at 412-418, the in-vehicle computing system
automatically adjusts settings the vehicle settings by receiv-
ing sensed imformation from a wearable device and/or a
mobile device and by using the sensed information before
receiving some any sort of user command from the user. This
includes before receiving a command from the user at the
in-vehicle computing system, such as via the user pushing a
button, or touch screen, etc., as well as belore receiving a
command from the user at the in-vehicle computing system
via the wearable device or the mobile device, such as via the
user pressing a button of the mobile device, providing a
voice command from the mobile device to the in-vehicle
computing system, efc.

While the method of FIG. 4 shows settings being deter-
mined based on user input recerved from a wearable device,
it will be appreciated that additional user input may also be
received from a mobile device. For example, additional
iput regarding various aspects of the user (such as the
physical state of the user and/or mput indicative of an
environment of the user) may be received at the in-vehicle
computing system from the mobile device via a communi-
cation link or network. As an example, the mnput received
from the mobile device may be indicative of environmental
parameters of the user such as an ambient temperature, an
ambient humidity level, an ambient noise level, an ambient
audio setting, etc. The in-vehicle control system may deter-
mine additional settings, or further adjust the determined
settings, of the one or more target vehicle systems based on
the mput recerved from the mobile device. Control mnstruc-
tions pertaining to the adjusted settings may then be deliv-
ered to the target vehicle systems or components.

At 420, the method determines 1f 1input has been received
from the user. For example, the in-vehicle computing system
may selectively receive user input from the user via a user
interface of the in-vehicle computing system, such as from
a touch screen and/or one or more control elements (such as
steering wheel controls, istrument panel controls, micro-
phone, etc.) of the vehicle. If no user mput 1s explicitly
received, then at 426, the method includes learming the
settings adjusted based on the mput received from the
wearable device and/or mobile device, as a function of the
user state. For example, based on the input, the settings may
be learned as a function of the physical condition of the user,
the cogmitive load of the user, the environment of the user,
etc. As an example, the in-vehicle control system may learn
an amount of cabin cooling and/or rate of cabin cooling to
apply when a user returns to the vehicle following a physical
activity.

If user mput 1s recerved, then at 422, the method includes
comparing the received user input with the settings selected
based on put from the wearable and/or mobile device. As
such, the user iput 1s indicative of settings specifically
requested by the user. In comparison, the settings selected by
the in-vehicle computing system are based on a user state
inferred or estimated based on 1nput regarding user interac-
tions with one or more devices, as well as known user
preferences previously input by a user. While the iput from
the mobile and/or wearable device can be processed to best
guess or estimate vehicle settings the user 1s likely to select,
the actual user selections may still vary. Therefore, at 422,
it may be determined if the user requested vehicle settings
are distinct from the settings automatically selected by the
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in-vehicle computing system. If there are no substantial
differences, then the method returns to 426 to learn the
settings as a function of the user state.

If there are differences, then at 424, the method includes
adjusting one or more target vehicle system settings based
on the received user mput. Specifically, the one or more
vehicle settings that were automatically adjusted based on
input from the wearable and/or mobile device may be
overridden with the vehicle system settings selected based
on the user mput. The 1mn-vehicle control system may then
transmit control instructions based on the input recerved
from the user to the relevant target systems to adjust the
system settings. The method may then proceed to 426 to
learn the settings as a function of the user state. Specific
examples are provided with reference to the methods of
FIGS. 5-6.

In this way, the in-vehicle computing system allows
vehicle settings to be adapted according to the immediate
needs of the user, the immediate needs inferred based on
input from a user’s mobile device and/or wearable device.
By assessing the input from the mobile device and wearable
device to infer a user state, and adjusting vehicle settings
based on the user state even before the user gets mto the
vehicle, the overall in-vehicle ambience and experience of
the user 1s enhanced.

At FIG. 5, an example method 500 1s shown for operating
an in-vehicle computing system to control one or more
vehicle systems based on input indicative of a physical
condition of a user, the input received from a mobile device
and/or a wearable device of the user.

At 502, the method includes recerving, at the in-vehicle
computing system, mnput (e.g., a first input) from a wearable
device, the mput indicative of a physical parameter of the
vehicle operator, such as a physical condition of the user.
The physical parameter may be estimated by one or more
wearable sensors of the wearable device. The physical
parameters indicated by the first input may include heart rate
503, body temperature 504, blood pressure 503, pulse rate
506, physical activity level 507 (e.g., a number of steps
taken, a distance traveled, etc.), perspiration level, blood
oxygen level, blood sugar level, etc. For example, 1t may be
determined 11 the vehicle operator 1s walking or jogging, 1f
the operator has just run a race, if the operator has just
completed his daily walk at the local park, eftc.

At 510, the method includes recerving, at the in-vehicle
computing system, mput (e.g., a second input) from a mobile
device of the operator (and/or the same wearable device or
an alternate wearable device) indicative of an environmental
parameter of the vehicle operator. For example, input
regarding an ambient audio settings or environmental acous-
tic setting may be received via a microphone or music
application of the mobile device. The environmental (audio)
parameters may include, for example, a volume 511, a music
genre 512, and a music track or list 513. For example, it may
be determined 1f the user was 1n an area where there was
loud music, it the user was listening to a particular playlist
(e.g., listening to a favornte playlist while running), etc.

At 514, the method includes automatically determining
climate control settings of the vehicle based on a physical
condition of the user inferred from the first input received
from the wearable device. This includes, at 513, selecting air
conditioner, heater, and vent settings to adjust a cabin
temperature so as to provide a selected level of cooling
and/or rate of cooling. For example, 1t the first mput is
indicative of the user running or jogging, it may be antici-
pated that the user would like the cabin to be cool upon
returning to the vehicle. The in-vehicle computing system
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may determine a cabin temperature setting the user 1s likely
to request based on user climate control settings previously
used (user settings history) and/or user climate control
preferences learned during previous vehicle operation. Fur-
ther, a cooler temperature setting may be determined if the
input from the wearable device indicates the user was
running than 11 the input indicates that the user was walking.
Accordingly, air conditioner settings may be selected to
provide the determined temperature setting to a determined
section of the cabin (e.g., entire cabin or driver area). In an
alternate example, the 1n-vehicle control system may select
a default “cool” setting 1n response to the elevated physical
activity level of the user, while overriding the climate
control settings last selected by the vehicle operator (such as
before exiting the vehicle).

It will be appreciated that in addition to climate control
settings, various other vehicle settings may be selected
based on the first input received from the wearable device.
For example, 1f the first input 1s indicative of the user
performing elevated physical activity, the in-vehicle com-
puting system may select seat settings where the recline of
the driver seat 1s increased to allow for increased relaxation
of the driver upon entry into the vehicle. As another
example, 1f the first mnput 1indicates that the user fell down
(e.g., based on an acceleration sensor of the wearable
device), the in-vehicle control system may automatically
operate a telecommunication application and call for the
appropriate assistance.

In addition to automatically selecting a setting, the in-
vehicle control system may also display potential setting
options to the user on a user interface, and allow the user to
make a final selection before transmitting control mnstruc-
tions 1n accordance.

At 516, the method includes automatically determining
audio system settings of the vehicle based on the environ-
mental parameters of the user inferred from the second input
received from the mobile device and/or wearable device.
This includes, at 517, discontinuing or disabling a most
recent or last audio setting and audio source selected by the
user (e.g., selected by the user before exiting the vehicle).
Further, at 518, a revised audio source or setting may be
selected that 1s based on the environmental audio setting of
the user, for example to match the audio setting of the
wearable device. As an example, in response to the ambient
noise level 1n the user’s environment being higher than a
threshold level, an audio system speaker volume may be
increased to mask the ambient noise. This allows the user’s
in-vehicle experience to be improved when driving through
a noisy area. As another example, a playlist currently
running on the mobile device (e.g., a playlist the user was
listening to while performing the physical activity) may be
selected for playing on the vehicle’s audio system upon
reentry of the user into the vehicle. This would allow the
user to continue listening to the same music even upon
entering the vehicle. As still another example, a music genre
of the playlist being listened to by the user may be sampled
and audio settings for the vehicle’s audio system may be
selected so as to provide the same genre of music. In other
words, a playlist of the vehicle’s audio system may be
changed from a last played playlist to a playlist that matches
the current music genre experienced by the user on the
mobile device or wearable device.

At 522, the method includes automatically transmitting
control imstructions from the in-vehicle control system to the
target vehicle systems, such as the climate control system
and the audio system, to operate them at the selected
settings. As such, the settings are selected and the related
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control instructions are transmitted without receiving any
specific iput from the user, such as via a user interface of
the vehicle. At 524, updated setting preferences, if any, may
be received at the 1n-vehicle control system from the user. As
such, these may be specific and explicit user setting prefer-
ences recerved from the user. If any specific user settings are
received, updated control mstructions may be transmitted to
the target vehicle systems to further adjust the settings based
on the received user input. At 526, the settings determined
at 522 and 524 may be learned (e.g., stored 1n a memory of
the computing system) as a function of the physical and
environmental parameters determined by the sensors. For
example, climate control settings may be learned as a
tfunction of the user’s physical activity level, as determined
based on the input from the wearable device.

It will be appreciated that while the method of FIG. 5
describes examples where vehicle system settings are
selected based on mput received from a wearable device or
mobile device of the user while the user 1s outside the
vehicle, the vehicle system settings adjusted immediately
before or as soon as the user enters the vehicle, in alternate
embodiments, the adjustments may be performed while the
user 1s 1n the vehicle. The user may have the wearable device
on and/or may be operating an application on the mobile
device while 1n the vehicle. Based on mnput received from
the devices within the vehicle, the in-vehicle computing
system may determine settings and transmit control instruc-
tions to target systems within the vehicle. For example, in
response to mput from the wearable device indicative of
increased perspiration level and/or increased body tempera-
ture of the user, the in-vehicle computing system may
automatically reduce the cabin temperature setting and oper-
ate an air conditioner to direct more cooled air towards the
user. As another example, elaborated at FIG. 8, 11 multiple
phone calls or text messages are recerved on the user’s smart
phone while the user i1s driving the vehicle, the in-vehicle
control system may prompt the user to determine 11 the user
wants to answer any further calls or texts while driving. If
not, the mobile device may be shifted to a low power mode
so as not to disturb the user, and/or all calls received on the
mobile device may be automatically redirected to a voice
mail system. Alternatively, 11 the user wishes to continue
answering the calls, the in-vehicle control system may
automatically redirect the calls and other data from the
mobile device to a user interface and/or external device
interface of the vehicle so that the calls can be answered
without requiring the user to operate the mobile device while
driving.

Now turning to FIG. 6, an example method 600 1s shown
for operating an in-vehicle computing system to control one
or more vehicle systems based on mput indicative of a user’s
environment, the mput received from a mobile device of the
user.

At 602, the method includes receiving, at the in-vehicle
computing system, input from a mobile device and/or a
wearable device indicative of audio settings in the user’s
environment. For example, input indicative of a music genre
603 being played in the vicinity of the user, as well as
ambient noise level 604 may be recerved. For example, 1t
may be determined 11 the user was 1n an area where there was
loud music (e.g., at a concert or a mght club), 1f the user was
listening to a particular genre of music (e.g., listening to rock
music at the concert or listening to techno music at the night
club), and 11 the user was listening to a particular playlist
(e.g., listening to a favorite playlist on the device, attending
a concert of a particular band).

10

15

20

25

30

35

40

45

50

55

60

65

18

Input regarding the ambient audio settings may be
received from the mobile device automatically, or upon
prompting. For example, the in-vehicle control system may
send a request for sound sampling to the mobile device
including instructions for operating a microphone and/or
recorder of the mobile device. The ambient sounds may be
recorded by the microphone and/or recorder and transmitted
back to the in-vehicle computing system where they may be
processed to identily genre, specific song identity, volume
level, etc.

At 606, the method includes automatically determining
audio system settings of the vehicle based on the audio
settings of the user’s environment inferred from the input
received from the mobile device (and/or wearable device).
This 1includes, at 607, adjusting an audio source and vehicle
audio system settings to match the audio setting (e.g., music
genre) ol the user’s environment. This further includes, at
608, discontinuing or disabling the last audio setting of the
vehicle audio system selected by the user (such as before
exiting the vehicle).

As an example, 1n response to ambient audio setting input
received from the mobile device indicating that the user was
at a rock concert, audio settings for the audio system 1n the
vehicle may be selected so as to provide the same genre of
music (e.g., by changing the audio source from an MP3
player to a rock-centric radio station, by selecting a rock
playlist or by selecting a playlist corresponding to the same
rock band). In other words, a playlist of the vehicle’s audio
system may be changed from a last played playlist to a
playlist that matches the ambient music genre.

In parallel to 606, at 610, the method 1ncludes sampling
the ambient noise level to determine 11 1t 1s higher than a
threshold level. This allows the 1n-vehicle computing system
to determine 11 the user 1s 1n a noisy location. If the ambient
noise level 1s elevated (e.g., higher than the threshold level),
then at 612 the method adjusts the audio source and audio
system settings to provide a quieter drive experience. For
example, 11 the mput indicates that the vehicle 1s 1 a noisy
location, audio settings may be adjusted to mask the ambient
noise and reduce user stress and dissatistaction. Addition-
ally, playlist suggestions may be provided to the user on the
user interface, or automatically selected. For example, 11 the
ambient noise level 1s elevated due to the vehicle being 1n
the midst of traflic, the user’s drive experience can be
enhanced by automatically playing soothing and calm
music, or a music genre or playlist that 1s marked as a user
favorite. If the ambient noise level 1s not elevated, at 613 the
method may include maintaining the audio source and audio
system settings selected by the user prior to exiting the
vehicle. Here the vehicle audio settings experienced by the
user upon entering the vehicle may be the same as those
experienced by the user before leaving the vehicle.

At 616, the method includes automatically transmitting
control mstructions from the 1n-vehicle control system to the
target vehicle systems, such as the vehicle audio system, to
operate the system at the determined settings. As such, the
settings are selected and the related control instructions are
transmitted without receiving any specific input from the
user, such as via a user interface of the vehicle. At 618,
updated setting preferences, 11 any, may be received at the
in-vehicle control system from the user. As such, these may
be specific and explicit user setting preferences recerved
from the user. If any specific user settings are received,
updated control instructions may be transmitted to the target
vehicle systems to further adjust the settings based on the
received user mput. At 620, the settings determined at 616
and 618 may be learned (e.g., stored in a memory of the
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computing system) as a function of the user’s environment.
For example, audio system settings may be learned as a
function of the user’s ambient noise level and noise genre,
as determined based on the input from the mobile device.

It will be appreciated that in any of methods 500-700,
combined and cross-referenced input from both the wearable
device and the mobile device may also be momitored over a
duration and used to learn vehicle system settings and user’s
preferences and motives. For example, the in-vehicle control
system may analyze sensor data from the mobile device
and/or the wearable device over a duration (e.g., day, week,
month, etc.) to determine 11 the user’s physical activity level
has increased, duration of physical activity has increased,
location of physical activity has changed or remained con-
stant, etc. If the mput indicates that the user’s duration of
running 1s constantly increasing, and that the user has a
preferred location for running, the location may be stored in
the controller’s memory as a navigational destination. The
user may then route the vehicle to the stored location by
prompting “let’s go jogging”. If the user also has a 1fre-
quently used playlist that the user listens to during the
jogging, the playlist may be stored 1n the memory with the
navigational destination so that the playlist can be automati-
cally played while the vehicle 1s driven to the jogging
location.

Now turning to FIG. 7, an example method 700 1s shown
for aggregating data, collected by a mobile device and a
wearable device. The data may be collectively received at a
mobile device and aggregated by an application running on
the mobile device, such as mobile device application 344
running on mobile device 342 of FIG. 3. The aggregated
data may then be transmitted to an 1n-vehicle control system
communicatively coupled to the mobile device so that one or
more vehicle settings can be adjusted to improve an in-
vehicle ambience experienced by a user.

At 702, the method includes tracking audio settings
including a music selection on mobile device. The tracking
may be performed by an application running on the mobile
device and may include storing information regarding, for
example, music on a selected playlist, music details (genre,
duration, etc.), volume settings, etc. At 704, the method
includes sampling external noise 1n the environment of the
user. For example, the application may operate a micro-
phone and/or recorder of the mobile device to record ambi-
ent sounds for a duration. At 706, the application may track
the user’s location and ambient conditions. For example, the
application may communicate with a navigational applica-
tion of the mobile device and/or a GPS of the mobile device
to record data pertaiming to the geographic location of the
user, and conditions at that location (e.g., altitude, tempera-
ture, humidity level, etc.) as well as details regarding a time
spent by the user at the location, an activity performed by the
user at the location, etc.

At 708, the application may receive information regarding
physical parameters of the user from the wearable device.
For example, the application may retrieve information
regarding a physical state of the user (nature of physical
activity performed, duration of physical activity, user’s heart
rate, pulse rate, blood pressure, body temperature, etc.). The
wearable device may include various sensors for sensing and
estimating the various physical parameters of the user, the
wearable device communicatively coupled to the mobile
device via a communication link. The application may
retrieve the required data from the wearable device via the
communication link.

At 712, the application may aggregate the data received
from one or more wearable devices with the data tracked and

10

15

20

25

30

35

40

45

50

55

60

65

20

collected at the mobile device. At 714, the application may
transmit the aggregated information to the in-vehicle com-
puting system of the vehicle over a commumication link,
such as network 360 of FIG. 3. As previously discussed, the
aggregated mput may be transmitted to the imn-vehicle com-
puting system automatically and continuously, or at fixed
intervals. Alternatively, the aggregated input may be trans-
ferred 1n response to a request for data from the n-vehicle
computing system.

Now turning to FIG. 8, an example method 800 1s shown
for tracking data from a mobile device and prompting a user
with setting options based on the tracked data. User input 1s
received following the prompt and used to learn user pret-
erences for selected conditions, such as high call conditions
in the present example. Vehicle settings and mobile device
settings are then adjusted based on the received user mput.
The method of FIG. 8 may be carried out by the in-vehicle
computing system so as to improve the user’s in-vehicle
experience.

At 802, the method includes tracking a communication
log on a mobile device. The tracking may be performed by
the 1n-vehicle computing system while the user and the
mobile device are inside the vehicle, such as while the
mobile device 1s docked. Tracking the communication log
may include tracking a number of telephone calls, emails,
and/or text messages received on the mobile device, a
duration of the calls that are accepted by the user, an identity
of caller(s) whose calls are accepted by the user, frequency
of calls (such as frequency of overall calls, frequency of
calls from a specific caller, etc.), data transferred 1n each text
message or email, etc.

At 804, the method includes determining 11 the number of
calls received 1n a defined duration has exceeded a threshold.
For example, it may be determined 11 a threshold number of
calls have been received at the mobile device 1n the last 30
mins of vehicle operation. It will be appreciated that while
the example 1s 1llustrated with reference to a number of calls,
the same may be applicable for a number of text messages,
emails, or alternate communication method. If the threshold
number of calls has not been exceeded in the defined
duration, the method continue tracking the communication
log of the user’s mobile device at 802.

I1 the threshold number of calls has been exceeded 1n the
defined duration, at 806, the method 1includes automatically
displaying one or more prompts to the user to determine the
user’s telecommunication preference. For example, the in-
vehicle computing system may display one or more prompts
on a touch screen of the vehicle. The one or more prompts
may be displayed to the user in response to a call being
received (e.g., at the onset of the call being received) at the
mobile device aiter the threshold number of calls have been
exceeded 1n the defined duration. Alternatively, the one or
more prompts may be displayed to the user in response to a
call being received (e.g., at the completion of the call being
received) at the mobile device wherein the call causes the
threshold number of calls to be exceeded 1n the defined
duration.

In some embodiments, only a single prompt may be
displayed. For example, upon receipt of a call following the
threshold number of calls being exceeded, a single prompt
asking “do you wish to answer this call?” may be displayed.
In alternate embodiments, such when the in-vehicle com-
puting system 1s adaptively learning the user’s preferences,
multiple prompts may be displayed. These may include, for
example, prompts asking the user i1f they wish to continue
receiving calls, 11 they wish to redirect the call, 1f they want
to selectively accept calls (from only selected callers and not
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others), 1f they wish to change mobile device call settings
(such as volume settings, vibration settings, power mode
settings, etc.), 1f they wish to mask a mobile device ringer
tone with alternate ambient music, etc. As the user prefer-
ences are learned over multiple iterations of the method,
fewer prompts may be required as settings may be aggre-
gated or grouped and a single prompt may correspond to
multiple settings. For example, once user preferences
regarding high call conditions are learned, a single prompt
asking “do you wish to shift to high call mode?” may be
displayed.

At 808, the method includes receiving user input respon-
sive to the displayed one or more prompts. The user may
provide input by interacting with the touch screen. The user
input may indicate that they wish to not receive any further
calls, or only receive calls selectively. At 810, the method
includes performing one or more control actions based on
the received user mput. Example control actions include,
shifting the mobile device to a low power mode at 811. Thus
may automatically reduce the call or text or mail acceptance
of the mobile device. Control actions may also include
automatically redirecting calls to a voicemail system at 812.
As another example, at 813, volume settings of the mobile
device may be adjusted, for example, decreased, so that the
user 1s not disturbed or distracted by incoming calls and
messages while driving. As yet another example, at 814, call
acceptance settings may be automatically adjusted so that
only calls from selected callers are enabled while calls from
other callers are automatically redirected to a voicemail
system. The selected callers may be included i a list
predefined by the user, identified by the user when prompted
(at 806), and/or learned by the 1n-vehicle computing system
over iterations of the method. As another example, the
control action may include masking the ringtone of the
mobile device with music from a defined audio source, such
as a defined radio station or a defined playlist.

In yet another example, one or more of settings 811-814,
as well as additional settings not listed above, may be
grouped together and defined as a “high call” setting. In
response to the user providing mnput selecting a “high call”
mode, at 815, the method may include applying the learned
or predefined “high call” mode settings. By applying the
settings 1n response to a user mput indicating that they wish
to limit theirr communication load while driving, the stress
level of the vehicle driver can be mmproved, and their
in-vehicle experience improved.

In some embodiments, upon prompting at 806, the
received user mput may indicate that the user wishes to
continue answering calls received on the mobile device. In
response to such a user imput, the in-vehicle control system
may automatically redirect calls and other received data
(text message, email, etc.) from the mobile device to a user
interface and/or external device interface of the vehicle so
that the calls can be answered by the user without requiring,
the user to operate the mobile device 1n the vehicle while
driving. For example, 1f the mobile device 1s Bluetooth
enabled, the calls may be redirected to a Bluetooth interface
of the vehicle such that the call 1s heard via the audio system
of the vehicle, and the data 1s displayed on a display screen
of the vehicle, etc.

At 816, the settings applied may be learned by the
in-vehicle computing system as a function of the user’s
preferences during high call conditions. For example, the
settings may be stored 1n a memory of the computing system
as a function of the user’s high call preference. The settings
may also be grouped and learned as a group of settings to be
used during a “high call mode”.
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One example method for an 1n-vehicle infotainment sys-
tem may include receiving aggregated put regarding a
physical condition and an environment of a user from a
mobile device, input regarding the physical condition of the
user collected by a wearable device. The method may further
include automatically selecting, at the infotainment system,
settings for one or more components ol the in-vehicle
infotainment system based on the aggregated input, and
transmitting control instructions to the one or more compo-
nents of the in-vehicle infotainment system based on the
selected settings. In the example, input regarding the envi-
ronment of the user may be collected by the mobile device,
while mput regarding the physical condition of the user may
be transmitted from the wearable device to the mobile
device. Further, the input regarding the environment of the
user and the mput regarding the physical condition of the
user may be aggregated at the mobile device before trans-
mission to the in-vehicle infotainment system. The infotain-
ment system may receive mput regarding the environment of
the user from the mobile device by transmitting control
instructions to the mobile device to sample an ambient noise
level and an ambient music genre, and subsequently receiv-
ing mmput from the mobile device regarding the sampled
ambient noise level and ambient music genre.

The infotainment system may automatically select vehicle
settings for one or more components of the in-vehicle
infotainment system, such as an audio system, a climate
control system, and an external device interface, by selecting
settings without receiving input from the user. As an
example, 1n response to the aggregated mnput 1indicating an
clevated physical activity level of the user, the infotainment
system may adjust settings of the climate control system to
increase cabin cooling. As another example, 1n response to
the ambient noise level being higher than a threshold, the
infotainment system may adjust a speaker volume to mask
ambient noise while also changing a playlist of the audio
system from a last played playlist to a playlist that matches
the ambient music genre.

By adapting vehicle settings based on inferred needs of
the user, the needs inferred from wearable devices and
mobile devices of the user, an in-vehicle ambience 1s
enhanced. Various sensors already available 1n the wearable
device and the mobile device are leveraged to more accu-
rately infer the user’s state of body and mind, and adapt
vehicle systems to settings that would increase the comfort
of the user when in the vehicle. This can substantially
improve the user’s overall vehicle experience.

The description of embodiments has been presented for
purposes of 1illustration and description. Suitable modifica-
tions and variations to the embodiments may be performed
in light of the above description or may be acquired from
practicing the methods. For example, unless otherwise
noted, one or more ol the described methods may be
performed by a suitable device and/or combination of
devices, such as the m-vehicle computing system and/or
computing device described with reference to FIGS. 1 and
3. The described methods and associated actions may also be
performed i1n various orders in addition to the order
described in this application, 1n parallel, and/or simultane-
ously. The described systems are exemplary in nature, and
may include additional elements and/or omit elements. The
subject matter of the present disclosure includes all novel
and non-obvious combinations and sub-combinations of the
various systems and configurations, and other features,
functions, and/or properties disclosed.

As used 1n this application, an element or step recited 1n

the singular and proceeded with the word “a” or “an” should
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be understood as not excluding plural of said elements or
steps, unless such exclusion 1s stated. Furthermore, refer-
ences to “one embodiment” or “one example” of the present
disclosure are not intended to be interpreted as excluding the
existence ol additional embodiments that also incorporate
the recited features. The terms ““first,” “second,” and *““third.,”
etc. are used merely as labels, and are not intended to 1impose
numerical requirements or a particular positional order on
their objects. The following claims particularly point out
subject matter from the above disclosure that 1s regarded as
novel and non-obvious.

The 1nvention claimed 1s:

1. A method for an 1n-vehicle computing system, com-
prising;:

receiving aggregated input regarding a physical condition

and an environment of a user {from a mobile device, the
aggregated input regarding the physical condition of
the user collected by a wearable device communica-
tively coupled to the mobile device;

automatically selecting by a processor of the in-vehicle

computing system, one or more vehicle settings based
on the received aggregated mput before receiving a
user mput, the vehicle settings selected for the user
based on a change 1n the physical condition and envi-
ronment of the user;

transmitting control instructions to one or more compo-

nents of an 1mn-vehicle imnfotainment system, including a
climate control system, based on the automatically
selected vehicle settings;
selectively receiving user mput from the user via a user
interface of the n-vehicle computing system; and

further adjusting, by the processor, the one or more
vehicle settings based on the received user mnput,

wherein the further adjusting the one or more vehicle
settings based on the recerved user mput includes
overriding, by the processor, the automatically selected
vehicle settings based on an mput from the wearable
device.

2. The method of claim 1, wherein the wearable device 1s
communicatively coupled to the in-vehicle computing sys-
tem via a network and wherein receiving mput from the
wearable device includes directly recerving input from the
wearable device over the network.

3. The method of claim 1, wherein the wearable device 1s
communicatively coupled to the mobile device, the mobile
device communicatively coupled to the m-vehicle comput-
ing system via a network, and wherein recerving mput from
the wearable device includes indirectly recerving input from
the wearable device via the mobile device.

4. The method of claim 1, wherein the aggregated input
regarding the physical condition of the user collected by the
wearable device further includes 1mput indicative of one or
more of a physical activity level of the user and a cognitive
load of the user.

5. The method of claim 4, wherein the automatically
selecting the one or more vehicle settings includes automati-
cally selecting one or more of a cabin climate control system
setting and an audio system setting based on the 1nput from
the wearable device.

6. The method of claim 5, wherein the aggregated 1nput
regarding the environment of the user, the includes one or
more ol ambient temperature, ambient humidity, ambient
noise level, and ambient audio setting.

7. The method of claim 4, further comprising learning the
automatically selected vehicle settings as a function of a user
state, the user state based on one or more of the physical
activity level of the user and the cognitive load of the user.
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8. An in-vehicle infotainment system, comprising:

a Processor;

an external device interface communicatively coupled to

a mobile device; and

a storage device containing instructions, that when

executed by the processor, cause the processor to:

receive aggregated mput regarding a physical condition
and an environment of a user from the mobile device,
the aggregated mput regarding the physical condi-
tion of the user collected by a wearable device
communicatively coupled to the mobile device;

automatically select settings for one or more compo-
nents of the n-vehicle infotainment system, before
recelving a user iput, based on the aggregated input,
the settings selected for the user based on a change
in the physical condition and environment of the
user;

transmit control instructions to the one or more com-
ponents of the in-vehicle infotainment system,
including a climate control system, based on the
automatically selected settings;

selectively receive the user mput from the user via a
user interface of the in-vehicle infotainment system:;
and

further adjust the settings for the one or more compo-
nents based on the recerved user 1nput,

wherein the further adjusting the settings based on the
received user iput includes overriding the automati-
cally selected settings based on an input from the
wearable device.

9. The system of claim 8, wherein the aggregated input
regarding the environment of the user 1s collected by the
mobile device, and wherein the aggregated mput regarding
the physical condition of the user 1s transmitted from the
wearable device to the mobile device, the aggregated input
regarding the environment of the user and the aggregated
input regarding the physical condition of the user 1s aggre-
gated at the mobile device before transmission to the 1in-
vehicle infotainment system.

10. The system of claim 9, wherein the automatically
selecting settings for the one or more components based on
the aggregated input includes automatically selecting set-
tings without receiving the user input at the in-vehicle
infotainment system, the mobile device, or the wearable
device, and wherein the one or more components of the
in-vehicle infotainment system 1nclude an audio system and
the climate control system.

11. The system of claim 10, wherein the automatically
selecting settings further includes:

in response to the recerved aggregated input indicating an

clevated physical activity level of the user, adjusting
settings of the climate control system to increase cabin
cooling.

12. The system of claim 11, wherein the automatically
selecting settings further includes:

transmitting control nstructions to the mobile device to

sample an ambient noise level and an ambient music
genre; and

recerving mput from the mobile device regarding the

sampled ambient noise level and ambient music genre.

13. The system of claim 12, wherein the automatically
selecting settings further includes:

in response to the ambient noise level being higher than

a threshold, adjusting a speaker volume to mask ambi-
ent noise; and
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changing a playlist of the audio system from a last played
playlist to a playlist that matches the ambient music
genre.
14. An m-vehicle system, comprising:
an audio system;
a climate control system; and
an 1n-vehicle computing system, mcluding a processor,
communicatively coupled to each of the audio system
and the climate control system, the 1n-vehicle comput-
ing system configured to:
receive a first mput from a wearable device worn by a
vehicle operator, the first input regarding a physical
condition of the vehicle operator;
receive a second input from a mobile device of the
vehicle operator, the second 1nput regarding an envi-
ronment of the vehicle operator;
automatically select settings of each of the climate
control system and the audio system based on the
first and second 1nputs, before receiving a vehicle
operator input;
selectively receive the vehicle operator mnput from the
vehicle operator via a user interface of the in-vehicle
computing system; and
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further adjust the settings of each of the climate control
system and the audio system based on the recerved
vehicle operator mput including overriding the auto-

matically selected settings based on the first input
from the wearable device.

15. The system of claim 14, wherein the wearable device
includes a wearable sensor and wherein the first 1put
regarding the physical condition of the vehicle operator 1s
indicative of a physical parameter of the vehicle operator,
the physical parameter including one or more of a heart rate,
a pulse rate, a basal body temperature, a blood pressure, a
perspiration level, and an activity level.

16. The system of claim 135, wherein the second input
regarding the environment of the vehicle operator 1s indica-
tive of an environmental parameter of the vehicle operator,
the environmental parameter including one or more of an
ambient noise level, an ambient music genre, a geographic
location of the vehicle operator, an ambient temperature, an
ambient humidity, and telecommunication data.
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